The meaning of life

Jonathan Flint
She Has Her Mother's Laugh: The Powers, Perversions, and Potential of Heredity Carl Zimmer (Dutton, New York, NY; 2018) ISBN: 978-1-101-98459-8 I don't think I've talked much about the meaning of life since I was a teenager, but recently I did just that with some friends over dinner in Los Angeles. Naturally, as a geneticist, I could confi dently assure everyone around the table that evening that life has no meaning. Life's only purpose is to ensure the transmission of DNA from one generation to the next. What I forgot to add in the ensuing uproar ("well your life may have no meaning, but mine certainly does") was the question: whose DNA? Carl Zimmer's book on genetics reminded me that we are not always made of the stuff that we think we are and the whole issue of passing on our genetic material to the next generation is more complicated than I led my dinner guests to imagine.
In order to secure state welfare benefi ts for children, it's sometimes necessary, for obvious reasons, to prove that your children are yours. With DNA tests accepted as the gold standard, if you get a result proving that the father is indeed the father and the mother is not the mother, then either you blame the laboratory for a sample mix-up (that would always be my fi rst suspicion) or it's a case of non-maternity. So what do you say to the mother who has had this result for all three of 'her' children and has been admitted to hospital for the delivery of her fourth, in the company of a court offi cer to witness the birth (that must have been pretty weird), and whose fourth DNA result reveals that her latest child also isn't hers? Apparently, the state of Washington believed the DNA evidence over the eyewitness account of the court offi cer and wanted to prosecute the 'mother' for fraud. The state prosecution might have gone ahead were it not that DNA tests had showed the same result for another woman, in Boston, who genetically speaking also wasn't the mother of her three grown-up sons. Since DNA tests don't lie, it's no surprise that the Boston mother was accused of stealing her sons as babies. The alternative explanation, and this turned out to be true for both mothers, is that she is a chimera, made up of two ancestral cells rather than just one like the rest of us (well, like me at least -as this story shows, you can never be certain about others).
Chimerism can occur when cells from one individual invade another. Once immunological barriers are down, as happens during pregnancy, there's a sort of cellular free-for-all that allows cells from the fetus to invade the mother. Many women who have had a son keep a detectable remnant of him in a residue of fetal cells with Y chromosomes. As a side note, presumably each subsequent pregnancy leaves its imprimatur, in which case I worry about the consequences for blood-based tests of abnormal fetal karyotypes. How can we tell whether an abnormal karyotype found in the mother's blood is from the current or past pregnancy? Don't imagine that the fetal cells are just sloughed off from the embryo, lost in the parental bloodstream and condemned to die soon after: fetal cells persist for many years and penetrate into every tissue. Zimmer quotes a Dutch autopsy study of 26 women that found evidence for chimerism in multiple different tissue samples, including those taken from the brains of the autopsied women. There's also some evidence that the invading cells are functional: a mouse study claims to fi nd fetal cells undergoing a maturation program in the brain and forming connections with neurons. Goodness, does that mean my son shapes the way his mother thinks? Zimmer quotes the more positive outcome that an offspring's cells might repair tissue, forming one entire lobe of a mother's liver, for example.
We are not the only species to have problems with chimerism. Until I had read Zimmer's book, I hadn't known what a freemartin was. I guess if you had asked me, I would have said that it was a title bestowed on inhabitants of a Swiss village, or maybe something halfway between a house martin and a
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Current Biology 28, R761-R783, July 23, 2018 R765 swallow? Sadly, that is not even close. It's a cow. It doesn't produce milk or calves, so you might think a freemartin is useless on the farm, but it works as hard as an ox and its meat "will fetch a half penny pound more than any cow beef", according to an 18 th century commentator. The British anatomist John Hunter, after dissecting a freemartin calf and fi nding it had testicles instead of ovaries, assumed it was an "unnatural hermaphrodite". Freemartins always have a male twin, so one likely explanation for the masculinization is that male hormones are transferred through a shared placental circulation (which the twins do have). But that can't be the whole story. Like any sibling pair, freemartins share 50% of the genetic material, so their blood groups should differ, as do those of any brother and his sister. In fact, freemartins share blood proteins -they are a mixture of both siblings -so it can't just be hormones that travel from one animal to another: it's entire cells, and not any type of blood cell, but stem cells. The calves don't simply give each other a blood transfusion. Stem cells from one animal colonize the bone marrow of its sibling: in 90% of twin calves, the blood shows evidence of derivation from both siblings. This work, by Ray David Owen, and later developed by Peter Medawar, was a fi rst step in our understanding of immunological tolerance and transplantation, but it also has wider implications for the cellular make-up of individuals, something Medawar stressed in an essay entitled 'The Uniqueness of the Individual'.
It's pretty disturbing to fi nd out that some of your cells have two origins, but it could be worse. Consider this: "The Seattle scientists took tissue samples from the girl's skin, her ovaries, and her clitoris." (See? I told you it was going to be bad.) "Sometimes the cells had two X chromosomes. Sometimes they had an X and a Y." So far so good, except that the genes determining the two alleles at blood-type loci had to come from the father, with no maternal contribution. This girl was an example of tetragametic chimerism: the fusion of two separate embryos, from two sperm fertilizing two ova.
Zimmer provides other examples of chimerism, of which perhaps the strangest are the transmissible tumors. When Tasmanian devils fi ght, they may bite pieces off the face of an opponent. Sometime in the early 1990s, an attacking animal bit into a cancer growing on the peripheral facial nerve cell of his rival. Like the fetal cells transferred from one sibling to another, the cancer cells evaded immune attack and infi ltrated their new host, growing on the face again and being transmitted to the next devil unfortunate enough to bite the tumor. Sequencing studies from Elizabeth Murchison showed that all the Tasmanian tumors were related to each other, by descent, through this bizarre form of genetic transmission. The canine transmissible veneral tumor, transmitted by sex rather than by biting, is even older. It's been around for thousands of years -Murchison estimates about 11,000 years -since the tumor fi rst arose. This means that sequencing the tumor is equivalent to sequencing the genome of a dog that died 11,000 years ago, immortalized as a highly mutated, but still recognizable, cell line that dates back to the ice age.
We don't have to rely now on transmissible tumors or fetal cells to produce chimeras. We have our own ways to delete, add or edit DNA in a tissue, a cell type, or indeed in a whole organism. Zimmer devotes much space to the CRISPR technologies, though I couldn't help wishing he had actually tried to make it work himself. I mean, yes, it's fi ne if you want to chop out a lump of DNA, but these gene edits are still a bit dicey. Perhaps the excitement over CRISPR comes in part because of most people's frustration with homologous recombination, which when it was fi rst introduced raised the same ethical issues around bio-engineering that Zimmer discusses.
I should say that Zimmer's excellent book does cover a lot more besides chimerism and genomic engineering. In fact, in writing about so much of genetics, he breaks my fi rst rule of books: no book should be more than 250 pages long (except if it is a book that I have written). Throughout, he returns to examples where new fi ndings have questioned standard views of genetics. Zimmer provides a good introduction to the fi nding that 1-4% of the genetic ancestry of non-Africans can be traced back to Neanderthals. Yes, that's a polite way of saying that humans had sex with Neanderthals, more than once, and for good measure with the obscure Denisovans whose existence, in another tribute to the power of sequencing technology, was known fi rst from their DNA. This does make me wonder what else lies hidden in our genomes. Maybe those stories of sex with extra-terrestrials shouldn't be dismissed so lightly.
What does this all mean for the meaning of life question? It's certainly harder to argue that it's about transmitting my DNA to the next generation. The DNA I pass on needn't be what I think it is -goodness, I might be passing on someone else's genome, not my own -or my own genome might be such a mess that it's hard to say what is mine to pass on. Worst of all, I might be passing on a badly engineered mutation created by a failed postdoc. I was going to write 'CRISPRed DNA', but I've not sunk so low that I would use CRISPR as a verb. I mean, life may have no meaning but it defi nitely does have standards.
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